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In the l 950s the ecological effects of the decline in rab bits ( Oryctolagus 
cuniculus L.) due to myxomatosis resulted in a reduction in the food supply of 
many European birds of prey and in a decline in their populations (Cheylan, 
1 979 ; Sumption & Flowerdew, 1 985). However, the quantitative impact of this
epidemie was only discussed briefly by Moore ( 1 956) and to a larger extent by 
Dare ( 1 96 1 )  on the Buzzard Buteo buteo, and by Sumption and Flowerdew ( 1 985) 
on a variety of Carnivores . The consequences of myxomatosis on the raptor 
populations of the Mediterranean areas were never adequately evaluated due t6 
the lack of prior information (Cheylan, 1 979 ; Delibes & Hiraldo, 1 979) .
Currently a new epizootie disease, Viral Haemorrhagic Pneumonia (VHP) 
from China (Cao et al. , 1 986) is affecting rabbit populations in the Mediterranean 
area (Ceballos, 1 99 1 ) .  Fortunately, reliable data on the biology of the Golden 
Eag1e Aquila chrysaëtos (Fernandez, 1 99 1 a) prior to the VHP outbreak are 
available, and this ena bles us to quantify the effect of rab bit VHP on the diet and 
breeding success of Golden Eagles, whose diet in the Mediterranean area includes 
a high proportion of rabbits (Delibes & Hiraldo, 1 979 ; Fernandez, 1 99 1 a) .
STUDY AREA 
Our research was carried out in the Upper Ebro Valley (Navarra, Northern 
Spain) . The study area has a cool Mediterranean climate and a climax vegetation 
of evergreen oak Quercus rotundifolia. The dominant vegetation types are 
subclimax Mediterranean scrub, arable fields and grasslands (Rivas-Martinez et 
al. , 1 99 1 ) .  In this region the rabbit is the staple food of the Golden Eagle, 
representing up to 6 1  % of the remains found in eyries before VHP (Fernandez, 
1 99 1 a) and 75-80 % of the prey items taken by adults in summer and autumn 
(Fernandez, 1 987) .  
The VHP epidemie reached our study area in spring 1 989 reducing the rabbit 
population by 75 % (Ceballos, 1 99 1 ) . Over this period, there were no other 
detectable changes in land use or food supply in this district, although other 
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factors as over-hunting may have contributed to rabbit decline (Castien & 
Leranoz, 1 987). VHP virus has a maximum virulence in spring and, at present, the 
rab bit population suffers three periods of high mortality during the year, due to 
VHP in spring, myxomatosis in summer and autumn, and shooting in winter 
(Ceballos, 1 99 1 ) .  The lowest relative abundance of rabbits occurs in winter. 
METHODS 
The reproductive success of 1 5  Golden Eagle pairs breeding in the Ebro 
Valley was studied from 1 982 to 1 992. A minimum of three annual visits per pair 
was carried out (Tjernberg, 1 983) to assess the following breeding parameters : 
( 1 )  percentage of pairs laying eggs, (2) proportion of pairs breeding successfully, 
(3) number of fledglings reared per successful pair, and (4) productivity or number 
of fledglings per monitored pair. To compare yearly breeding parameters 
« before » and « after » VHP outbreak Mann-Whitney V-tests were used (Siegel, 
1 956). 
Food samples were obtained from pellets left in the nest after fledging of the 
youngs. The mean laying date of the Golden Eagle in Na varra is mid-March and 
fledging takes place in July (Fernandez, 1 99 1 b) .  Therefore, our pellet samples 
refer to the June-July period. Only the diet of successful pairs could be adequately 
studied, and data collected after the VHP outbreak probably bias our results as 
they reflect the diet of the pairs least affected by changes in food supply. The 
eagle's diet « before » and « after » VHP outbreak were compared by means of 
x2-tests, grouping separately the number of « rabbits » and « other prey » and
using, if necessary, a x.?drtest with Yates's correction of continuity (Sokal &
Rohlf, 1 969) . The Shannon-Weaver H' index for trophic diversity was also 
calculated (Shannon & Weaver, 1 949) .
RESULTS 
CHANGES IN THE DIET 
After the VHP outbreak the proportion of rabbits in the Golden Eagle diet 
decreased by 1 5 .4 % (from 56.0 % to 40.6  %)  (Table 1) . The number of rabbits in
the diet after VHP was significantly lower than before VHP (x2 = 1 5 .64,
p < 0.00 1 ) .  At the same time there was a diversification of the diet as shown by 
the increased value of the Shannon-Weaver H'  index (from 1 .62 to 1 . 84) . The 
decrease in rabbit availabi1ity resu1ted in an increase in the proportion of other
prey, especially hares (x,?dj = 25 .47, p < 0.00 1 )  and partridges (x
2 
= 9 .77,
p < 0 .0 1 ) .  
CHANGES OF BREEDING SUCCESS 
As soon as the Golden Eagle's breeding success in 1 990- 1 992 were compared 
with those of the previous eight seasons ( 1 982- 1 989), a decline became obvious 
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TABLE I 
Comparison of the diet of the Golden Eagle before and after VHP. 
The number (N) and proportions (%) of prey categories found in pellets as weil as the trop hic diversity 
indices (H) are indicated. 
Before VHP After VHP 
Taxa 
( 1 982-89) ( 1 990-92) 
N % N % 
MAMMALS 297 64.4 1 93 54.4 
Artiodactyla 8 1 . 7  7 2.0 
Mustelidae 5 1 . 1  5 1 .4 
Vulpes 1 4  3 .0 8 2.3 
Le pus 3 0.7 27 7.6 
Oryctolagus 258 56.0 144 40.6
Other mammals 9 2.0 2 0.6 
BIRDS 87 1 8 .9 90 25.4 
Strigiformes 3 0.7 
Corvidae I l 2.4 10 2.5 
Galliformes 34 7.4 50 14. 1 
Columbidae 2 1  4.6 I l  3 . 1  
Other birds 1 8  3 .9 19 5.4 
REPTILES 77 1 6.7  72 20.3 
Op hi dia 62 1 3 .4 64 1 8 .0 
Lacerta 1 5  3 .3  8 2.3 
TOTAL 461 355 
H'  1 .62 1 .84 
(Table Il) .  After the VHP epidemie the proportion of pairs laying eggs, the 
percentage of successful pairs and the number of fledglings per successful pair 
were below the average of the previous seasons . The number of pairs laying eggs 
after VHP was significantly lower than before VHP (y} = 9.27, p < 0.0 1 ), and
the same happened for the number of successful pairs (X2 = 9 .39, p < 0.0 1 ) .  A
large proportion of failures occurred during incubation. Nevertheless the number 
of fledglings per successful pair was not affected (x2 = 0.35 ,  p > 0.05). Despite
annual variations in breeding rates, the number of breeding attempts (U3,8 = 1 ,
p < 0.00 1 ), the success rate (U3 8 = 0 ,  p < 0.00 1 )  and nest productivity
( U3,8 = 0, p < 0.00 1 )  were all lower' after VHP than in years previously monito­
red, and the number of young reared by Golden Eagles after VHP has decreased 
by 50 % (Table Il). 
DISCUSSION 
Birds of prey respond in two ways to changes in food availability : 
functionally and numerically (Newton, 1 979 ; Smith & Murphy, 1 979) . In
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TABLE Il 
Annual changes in the breeding success of the Golden Eagle before ( 1982-89) and 
after (1990-92) VHP. 
Number Percentage Percentage Number of Number of Year of pairs of laying of successful fledglings per fledglings per pairs pairs successful pair pair 
1 982 7 7 1 % 57 % 1 . 50 0.86 
1 983 8 75 % 75 % 1 . 1 6  0 .88 
1 984 10 80 % 50 % 1 .20 0 .60 
1 985  1 2  83 % 58 % 1 .29 0 .75 
1 986 12 92 % 83 % 1 .30 1 .08 
1 987 12 75 % 50 % 1 .33  0 .75 
1 988 Il 82 % 46 % 1 .40 0 .64 
1 989 14 100 % 57 % 1 .33  0.79 
Before VHP 86 84 % 59 % 1 .29 0.77 
1 990 1 5  60 % 27 % 1 .25 0 .33 
1 99 1  1 5  67 % 40 % 1 . 1 7  0.47 
1 992 1 5  73 % 27 % 1 .25 0 .33 
After VHP 45 67 % 3 1 % 1 .2 1  0 .38 
non-migratory and territorial species the most frequent initial response is 
functional, whereas in highly productive and migratory species population 
changes tend to be almost simultaneous (Smith & Murphy, 1 979). In the Golden
Eagle, a bird with large territories and a diet based on large prey, both numbers 
and breeding rates generally remain constant (Brown & Watson, 1 964 ; Newton,
1979). Nevertheless, in those regions where cyclically fluctuating prey are 
consumed (e.g. Tetraonidae in Scandinavia and Lepus in North America and 
Finland) marked variations in numbers and/or breeding success have been 
observed (Smith & Murphy, 1 979 ; Thompson et al. , 1 982 ; Tjernberg, 1 983 ;
Sulkava et al. , 1984) . In the Mediterranean area rabbit is the staple food of the 
Golden Eagle (Delibes & Hiraldo, 1 979 ; Fernimdez, 1 99 1 a) and temporal
variations in prey availability or climate appear usually not to be large enough to 
induce detectable changes in diet or breeding success (Fermindez, 1 987). The 
changes observed over the recent years might therefore be regarded as a functional 
response to the reduced availability of rabbit after the VHP epidemie. 
The decline in the rabbit population (ca. 75 % ,  Ceballos,  1 99 1 )  did not result 
in a comparable decline in rabbit consumption ( 1 5  %) by the Golden Eagles. 
Apart from the fact that food samples were only obtained from successful pairs, 
while unsuccessful pairs might have consumed a lower proportion of rabbits in 
their diet, this low functional response may result from two causes : ( 1 )  an increase 
in searching effort of eagles, or (2) an increase in availability of sick rabbits in 
spring, or a combination of both factors . The overall reduction in prey availability 
has probably forced the eagles to spend more time searching for food and, 
therefore, the proportion of rab bit in their diet does not reflect the actual rab bit 
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population decline. Such extra time and energy investment could have negative 
consequences on breeding success (MacArthur & Pianka, 1 966 ; Drent & Daan,
1 980) .  A second point to consider is the difference between « food supply » and 
« food availability » (Brown & Watson, 1 964 ; Newton, 1 979) . While reducing
rabbit populations, VHP may have also increased their accessibility by increasing 
the number of sick animais in spring. This effect could be equivalent to the effect 
of myxomatosis in summer-autumn, when the eag1es catch more rabbits despite 
their reduced numbers (Fermindez, 1 987) .  
The low functional response observed in their diet seems to have had a strong 
effect on the breeding success of the Golden Eagle, possibly due to an increased 
searching effort. VHP had an uneven effect on the four different breeding 
parameters that might depend on the availability of sick rabbits during the 
breeding season. Following the VHP epidemie there was a significant decrease in 
the proportion of pairs laying eggs, while the number of fledglings per successful 
pair was not significatly affected. This appears to indicate, as suggested by Brown 
and Watson ( 1 964) and Tjernberg ( 1 983), that a reduction in food resources in 
winter and at the onset of the breeding season has a marked influence on the 
breeding success of the Golden Eagle. Moreover, the VHP virus, with its 
maximum virulence in spring, would tend to increase this effect. In winter the 
rabbit population, already low and not affected by VHP or myxomatosis, would 
not be readily available to the predator thereby creating a shortage of food 
supply, while in spring the increase in accessibility of sick rabbits would 
compensate the effect of their low population density. 
lt is still too early to observe a numerical response to the reduction in food 
supply and young recruitment. However, a decreased availability of rabbits 
should have repercussions on the future population of Golden Eagles in the 
Mediterranean area as the number of young fledged after the epidemie has 
decreased by half. The Golden Eagle population has previously been stable in our 
region, even slightly increasing during the last few years (Fernandez & Insausti,
1 990) . Since VHP no decline has been noticed and the 1 5  monitored pairs (ali 
adults birds) still occupy their traditional territories. One unknown factor lies in 
the response of the floating population, composed mainly of immature and 
« inexperienced » eagles, to the decrease in rabbit availability. In any case, the 
repercussions of this reduced recruitment and possible increase in juvenile 
mortality will only be noticeable in the coming years, once the young birds will be 
sexually mature, and will begin to replace the present-day adult breeders . 
SUMMARY 
Since Viral Haemorrhagic Pneumonia (VHP) reached the study area (Upper 
Ebro Valley, Spain) in 1 989, thus reducing the wild rabbit population, a 1 5 % 
decline in the proportion of rabbit in the diet and a 50 % decrease in breeding 
success of the Golden Eagles was noticed. The breeding parameter most affected 
by the shortage of winter food was the proportion of pairs laying eggs. The 
number of fledglings per successful pair did not change, probably because of the 
increased accessibility of sick rab bits in spring (the season when VHP virus is most 
virulent) . Although no population decline has yet been detected in our area, the 
decreased availability of rabbits and the subsequent faU in eagle's productivity 
may have 1ong-term repercussions on Golden Eagle populations in the Mediterra­
nean area. 
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RÉSUMÉ 
L'auteur a étudié les conséquences sur le régime alimentaire et la reproduc­
tion de 1 5  couples d'Aigles royaux de l'épidémie de Pneumonie Hémmoragique 
Virale (VHP) qui frappe depuis 1 989 les populations de Lapins de garenne en 
Espagne. Dans sa zone d'étude de la Haute Vallée de l'Ebre, la part du Lapin dans 
le régime de ce rapace a diminué de 1 5  % depuis cette date, alors que le succès 
d'élevage de l'Aigle a baissé de moitié. C'est la proportion de couples reproduc­
teurs qui a été le paramètre le plus affecté par la raréfaction des proies en hiver. 
Par contre, le nombre de jeunes à l'envol par couple ayant mené à bien sa 
reproduction n'a pas varié. Ceci est peut-être dû à l'augmentation du nombre de 
lapins malades (donc faciles à capturer) au printemps, saison à laquelle le virus se 
montre particulièrement virulent. Jusqu'ici, aucune diminution du nombre d'ai­
gles royaux n'a été constatée dans la zone étudiée, mais il n'est pas exclu que ceci 
puisse se produire dans l'avenir. 
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